well known that for small S a more or less uniformly magnetized state prevails. Recent careful numerical calculations confirmed that even in the comers of a sample with rectangular cross section the deviations from the uniform magnetization become small for small 6 within continuum theory in spite of the divergence of the stray field in the edges.' By increasing the sample size above the "single-domain limit", inhomogeneous states be-1024 CD-06. HYSTERESIS LOOP AREAS IN KINETIC ISING MODELS: EFFECTS OF THE SWITCHING MECHANISM. S. W. Sides, P. A. Rikvold, M. A. Novotny (MARECWSCRI, Florida State Univ., Tallahassee, FL. 32310), and R. A. Ramos (Dept. of Phys., Univ. of Puerto Rico, Mayaguez, PR 00681) Kinetic Ising systems have previously been used as models for magnetization reversal in nanoscale ferromagnets.' Experiments on ferromagnetic thin films have measured the dependence of the hysteresis loop area, A , on the amplitude and frequency of the extemal field, A = A ( H , .a).* These results roughly agree with those found from numerical simulations of Ising models. Here we present numerical and theoretical calculations of A(H,,R) , based on a nucleation model for the decay of the metastable phase in a lunetic king model. Previous work' has shown that for fields stronger than a crossover field dependent on temperature and system size, switching proceeds through the nucleation and growth of many droplets of the stable magnetization. For fields weaker than this value, the switching occurs through the nucleation of a single critical droplet. Our MC simulations in an oscilluring extemal field show that for a range of amplitudes that includes the value of this crossover field, a power-law dependence in the field amplitude is not always an appropriate description of the loop area. We derive the low-frequency asymptotic dependence of the loop area
come energetically favourable: a two-domain state for large Q, and the curling or vortex state for small Q. The position of the single domain limit as a function of Q is explored systematically with attention to discretizdtion errors and metastable states. Of further particular interest is the transition between the vortex configuration for intermediate sizes and regular domain pattems to be expected for larger particles. We identify this transition with the equilibrium transition between the vortex and two-domain states, and double vortex or three-domain states. The two transition sizes as a function of Q lead to a phase diagram which can serve as a guide to the character of domain structures also in extended samples. The approximations implicit in standard micromagnetic discretization schemes fail when angles between neighboring spins in the model become large. Unfortunately, models of thin magnetic films often contain vortices and cross-ties with unresolved cores measuring only a few nanometers across. Such undersampled core regions can collapse during model evolution into I-cell wide 180" domain walls, even in settings where the Ndel wall width is over 10 cells wide. Once formed, these structures are stable, because they tend to be supported by magnetostatic and crystalline anisotropy fields, and the usual exchange energy formulation provides 0 torque across 180" spins. One can introduce an exchange energy formulation modified for large angles. but simple approaches introduce strong artificial pinning of vortices between lattice sites.' One solution to these problems ia to base the exchange energy formulation on a continuous interpolation of the magnetization that respects the constraint that the normalized magnetization llmli = 1 . In this paper, an interpolatory "supplemental" lattice is introduced, and a variational procedure is used to relax the spins on this lattice to achieve a smooth interpolation. The angle between neighboring spins on the supplemental lattice depends upon the magnetization state on the original lattice, but can be guaranteed to be Sarccos((2-n)ln). where n is the number of nearest neighbors at each lattice site. It is shown that a simple half-step interpolation suffices to avoid the aforementioned 1-cell wide 180" domain wallb. wirhour introducing excessive false on ex or cross-tie pinning. The paper provides details on an efficient method for supplemental spin relaxation, proper exchange torque calculation and edge spin handling. Only 2D square lattices of 3D spins are explicitly studied, but the extension to general 3D grids appears straightforward.
'M. J. Donahue and R. D. McMichael, Physica B 233, 272 (1997) . The purpose of the Object Oriented MicroMagnetic computing Framework (OOMMF) project is the development of portable, extensible publicdomain software for performing micromagnetic calculations. Extensibility is the key to both the flexibility and the long-term utility of OOMMF software. Default implementations based on simple models and algorithms enable the OOMMF software to make micromagnetic calculations as distributed. The ability to extend OOMMF software with replacement implementations of the underlying models, algorithms, or interfaces, without the need to rewrite the entire software package, enables the incorporation of local variations and improvements with limited effort. Two features of OOMMF software enable extensibility. First, an object-oriented approach makes it possible to interchange objects, segments of data and code, that share a common interface. Second, the OOMMF software embeds T c n , a simple scripting language that may be used as a control mechanism, and which simplifies the task of creating portable graphical user interfaces. Portability support within TcVR enables OOMMF software to run on both Unix and Windows platforms. Implementation of alternative micromagnetic models as interchangeable extensions of a common computing framework greatly simplifies the tasks of model verification and model comparison. The ability to reuse the common structure of the computing framework will enable more rapid development of specialized micromagnetic software. This poster describes the current state of OOMMF software, including a working demonstration of our public-domain, fully functional micromagnetic code. This 3D code uses a cubic lattice discretization, features an FFT-based demagnetizing field calculation, support for non-homogeneous crystalline anisotropy, and graphical input and output (including interactive viewing of intermediate magnetization states). The potential user community is encouraged to make comments and suggestions to guide the ongoing development of the project.
from a droplet picture of metastable decay and show it to be qualitatively different in the two distinct decay regimes mentioned above. Preisach and Jiles-Atherton models are two of the main approaches to magnetic hysteresis in current use. In this paper we show that, under appropriate conditions, they are physically equivalent. The starting point is the proof' that the hysteresis properties of a domain wall moving in a ' G . Bertotti, Phys. Rev. Lett. 76, 1739 (1996 .
' D. C Jiles and A. L. Atherton, J. Appl. Phys. 55, 2115 (1984 . A procedure for the analysis of metastability in the H-space of a uniaxial ferromagnet is put forward. The formulation is valid to any order n in the anisotropy expansion. The critical boundaries separating stable from metastable states are cast in a formally decoupled parametric way as Hx=Hx(Mx), Hz=Hz(Mz). The analytic expressions provide the basis for the construction of generalized astroids to any order. For n greater than 1, new features are found and interpreted in their relation to rotational hysteresis in ferromagnetic materials. The shape and symmetry of the critical boundaries and, hence, the details of the coexistence regions depend CNcially on n-1 ratios plus the sign of a suitable normalizing quantity. To every given n, values of the constitutive ratios exist which bring about 4p-fold symmetry (p= 1.2,. . . .n) of the generalized astroid whose vertices then lie on the unit circle. All other cases at a given order which still exhibit reflection symmetry with respect to both axes may be viewed as continuous deformations from the most symmetric ones. The multiplicity of the symmetric curvilinear 4p-angle is preserved up to certain critical values of the ratios where a topological transition occurs to the astroids of the neighboring, 4(p-1) or 4(p+ I), multiplicity. These transitions are related to corresponding orientational transitions which cannot be treated analytically except in low orders and for special field configurations. One builds on these insights and searches systematically for practical possibilities to eliminate undesired hysteresis features by making use of the magnetoelastic coupling via the application of stress of sufficient magnitude along a suitably chosen direction (stress creates n = 1 anisotropy through magnetoelastic coupling). Comparison is made with a similar approach proposed for cubic anisotropic materials. In the latter, there is one more angular degree of freedom to be coped with and one is forced to implement a small-angle expansion about a high-symmetry axis. A theory is developed for the nucleation of two-dimensional inhomogeneous magnetic structures in the ideal, magnetically saturated by planar fieId, quasi-uniaxial film with a high uniaxia! and low cubic anisotropy K,. The critical film thickness D* which is determined by the value of K, has been found to be such that if D<D*, then only the one-dimensional strip structure is nucleated within the strips being oriented along the planar component HP of magnetic field. If D>D*, then depending on the orientation of the vector of equilibrium magnetization 0 relative to the plane of the film and depending on the orientation of H P relative to the crystallographic axes, apart from the above-mentioned structure there are onedimensional strip structures with the strips oriented at the certain angle 'P(D,Kl) to H, . Furthermore, two-dimensional lattices of magnetic nonhomogeneities can exist within the narrow range of angles @ = 0 . These lattices arise from the superposition of two (in view of the cubic anisotropy solely) systems of strip magnetic disturbances oriented at the angle O<'P<1/2 to one another, and they result in two-dimensional Moivre structures. The theory under development explains the formation of twodimensional domain structures (such as the bubble lattices of different configurations) in quasi-uniaxial magnetic films in terms of the evolution of the two-dimensional inhomogeneous magnetic state formed by means of the second-order phase transition. The spatial structure of this state is completely determined by the nature of the crystallographic anisotropy being superimposed on the uniaxial growth anisotropy.
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CD-10. MICROMAGNETIC LOCALIZATION. R. Skomski (MPI Halle, Weinberg 2, 06120 Halle, Germany)
The localization of nucleation modes in inhomogeneous permanent magnets and its influence on the coercivity are investigated. The starting point is the formal analogy bcrween quantum mechanics and mioromsgnetiss, according to which the deviation M(r) of the magnetization from the ideal c-axis magnetization M, e, corresponds to the wave function and the ground-state energy is related to the coercivity.' Nuclei in ideal ferromagnets, such as homogeneous ellipsoids of revolution, are delocalized, but morphological inhomogeneities may cause localization. In particular, extended microstructural defects give rise to strong localization, whereas weak localization is caused by arbitrarily weak random disorder. As found by Anderson,2 weak localization depends on the dimensionality of the problem and dominates in less than two dimensions. The nucleation modes of one-dimensional arrays, such as multilayers composed of hard and soft magnetic materials, are therefore subject to weak localization, even if the superlattice exhibits a nearly ideal periodicity. In the case of Gaussian disorder, the localization leads to Urbach rails and zero coerciv-
